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Intramolecular Heck reaction of the olefins la-c in the
presence of sodium formate affords ca 3:1 mixtures of the
respective trans- and cis-octahydrophenanthrenes 3a-c and 4a-
c. Similar reaction of the olefinic ester 2 provides a 70:30
mixture of (±)-methyl desisopropyldehydroabietate 6 and (±)-
10-epi-methyl desoxypodocarpate 7.
The intramolecular Heck arylation reaction has
emerged as an attractive synthetic method for polycyclic
natural products and related compounds I. The
diastereoselection of this useful carbon-carbon bond
forming reaction, however, is not fully predictable'. In
an earlier paper we have demonstrated that Heck
reaction of the e.xo-olefms A, in the presence of a
hydride donar", proceeds with a high stereoselectivity
leading to the respective angular methyl substituted cis-
hexahydrofluorenes B in good yields, through a 5-e.xo-
trig mode of cyclization (Figure 1).
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As a complementary to our recent report' on the
regioselective 'l-endo-trig aryl radical cyclization of the
gem-dimethyl and gem-carbomethoxy-methyl 2-(0-
bromoarylethyl)-l-methylenecyclohexanes, 1a-c and 2
generating the corresponding trans- and cis-octahydro-
IH-dibenzo[a,d]cycloheptenes, we report herein
preliminary results of our study on the palladium-
catalyzed 6-exo-trig ring closure of these substrates
revealing that such a strategy may be employed for
convergent synthesis of angularly methyl substituted
trans-octahydrophenanthrene derivatives, some of
which are potential intermediates for the synthesis of
some ring C-aromatic tricyclic diterpenoids",
The Heck reaction of each of the previouslyreported'
e.xo-olefms la, Ib and Ic in DMF in the presence of 1
equivalent of sodium formate using a 1:2.5 mixture of
Pd(OAc)2 and Ph3P as the precatalyst, afforded mixtures
of the respective cyclized trans- and the cis-epimers
3a,b,c and 4a,b,c and the debrominated olefins Sa,b,c
in a ratio of ca. 80:20 in a very good yield.
Chromatography of each of the reaction products after
treatment' with an excess of diborane followed by
oxidation with alkaline hydrogen peroxide eliminated
the olefins and provided inseparable mixtures of the
corresponding epimeric trans- and the cis-podocarpa-
8,1 I, 13-trienes 3a and 4a, 3b and 4b and 3c and 4c in a
ratio of ca. 75:25 as determined by GLC and IH NMR
comparisons with authentic samples, reported? earlier
from our laboratories (Scheme I).
Cyclization of the alkene ester 25 under identical
conditions furnished a mixture of the known epimeric
tricyclic esters 6 and 7 and debrominated olefmic ester 8
in a ratio of ca. 75:25. The unsaturated ester 8 was
eliminated' by hydroxylation? of the mixture with NaI04
in the presence of a catalytic amount of RuCI3.3Hp
followed by silica gel chromatography to afford ca.
70:30 mixture of the trans- and the cis-esters 6 and 7 in
72% yield. Repeated chromatography of this mixture on
silica gel using pet. ether (bp 40-60 "C) as eluent,
followed by fractional crystallizations from the same








solvent partially separated (±)-methyl
desisopropyldehydroabietate 68, mp 111-112 DC
identical (mixed mp; IH NMR and GLC) and (±) 10-epi-
methyl desoxypodocarpate 79, mp 85-86 DC identical
(mixed m.p.; IR, IH NMR and GLC) with authentic
samples (cf. Scheme II).
The observed trans-selectivity in the 6-exo-Heck
cyclizations of the olefrns la-c and 2 to the respective
angular methyl substituted hydrophenanthrene
derivatives, in contrast to that of a high cis-
stereoselectivity reported'? in the formation of cis-
hydrophenanthrene derivatives by similar reaction in the
absence of a hydride donar, deserves mention. Thus, the
present work providing high trans-selectivity in the
generation of angularly methyl substituted hydro-
phenanthrene synthons further extended the scope of
palladium catalyzed cyclizations in the synthesis of
diterpenoids'.
Experimental Section
For a general description of the instruments, see
reference 4b. All compounds are racemates.
A representative procedure of Heck reaction is as
follows:
Cyclization of la to (±)-podocarpa-8,1l,13-triene
3a and (±)-lO-epi-podocarpa-8,1l,13-triene 4a. A
stirred mixture of the exo-olefin la5 (250 mg, 0.813
mmoles), Pd(OAc)2 (18 mg, 0.08 mmoles), Ph3P (54
mg, 0.203 mmoles) and HCOONa (55 mg, 0.813
mmoles) in DMF (8 mL) was heated at 95-100 DC for 36
hr under nitrogen atmosphere. The cooled reaction
mixture was diluted with water and extracted with Et20.
Scheme II
The combined ether extracts were washed with brine,
dried (Na2S04) and evaporated, and the residual oil after
chromatography on neutral alumina using pet. ether (bp
40-60 DC) as eluent afforded an inseparable mixture of
the trans- and the cis-hydrocarbons 3a and 4a and the
debrominated olefm Sa, in a ratio of ca 80:20
(coinjection in the GLC with the known" 3a, 4a and Sa
and from the IH NMR spectrurn).The mixture was taken
up in dry THF (5 mL) and treated with borane- THF
complex (4 mL, 0.8 M) at 0 DC for 2 hr under nitrogen
atmosphere. The cooled reaction mixture was quenched
with water and treated with 3N NaOH aq. (8 mL) and
HP2 (4 mL, 30%, v/v) during 15 min at 0-5 DC. After
30 min another lot of H202 (2 ml, 30%, v/v) was added,
left overnight at room temperature and the reaction
mixture diluted with water, and extracted with Et20.The
combined ether extracts were washed with water and
dried (Na2S04). After removal of the solvent, the crude
product was purified by chromatography on silica gel
using pet. ether as eluent to afford the cyclized trans-
and the cis-hydrocarbons 3a and 4a as mixture (130 mg,
70%) in a ratio of ca 75:25 (GLC and IH NMR).
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